An individual's investment in constitutive immune defenses depends on both intrinsic and extrinsic factors. We examined how Leucocytozoon parasite presence, body condition (scaled mass), heterophil-to-lymphocyte (H:L) ratio, sex, and age affected immune defenses in golden eagle (Aquila chrysaetos) nestlings from three regions: California, Oregon, and Idaho. We quantified hemolytic-complement activity and bacterial killing ability, two measures of constitutive immunity. Body condition and age did not affect immune defenses. However, eagles with lower H:L ratios had lower complement activity, corroborating other findings that animals in better condition sometimes invest less in constitutive immunity. In addition, eagles with Leucocytozoon infections had higher concentrations of circulating complement proteins but not elevated opsonizing proteins for all microbes, and eagles from Oregon had significantly higher constitutive immunity than those from California or Idaho. We posit that Oregon eagles might have elevated immune defenses because they are exposed to more endoparasites than eagles from California or Idaho, and our results confirmed that the OR region has the highest rate of Leucocytozoon infections. Our study examined immune function in a free-living, long-lived raptor species, whereas most avian ecoimmunological research focuses on passerines. Thus, our research informs a broad perspective regarding the evolutionary and environmental pressures on immune function in birds.
INTRODUCTION
Constitutive innate immunity is a complex system of immune defense that is always present in an organism and therefore capable of immediate immunological defenses (Downs & Stewart, 2014; Schmid-Hempel & Ebert, 2003) . Experimental evidence, theoretical ideas, and mechanistic pathways all suggest that a variety of intrinsic and extrinsic factors drive differences in immune defenses among geographic regions.
These factors include broad geographic patterns, such as latitude gradients in life history patterns (Adelman, Bentley, Wingfield, Martin, & Hau, 2010a; Adelman, Córdoba-Córdoba, Spoelstra, Wikelski, & Hau, 2010b; Ardia, 2005; Martin, Pless, Svoboda, & Wikelski, 2004) ; parasite prevalence (Horrocks et al., 2012) ; population characteristics, such as density (Downs, Stewart, & Dick, 2015; Ortego & Espada, 2007);  habitat (Ortego & Espada, 2007; Schmitt, Garant, Bélisle, & Pelletier, 2017) ; and weather (Lifjeld, Dunn, & Whittingham, 2002) . Thus, there is substantial reason to expect differences in immune defenses among individuals from different regions. However, significant variation also exists among individuals within a region and how an individual invests in immune defenses at any given point depends on plastic trade-offs (Ardia, Parmentier, & Vogel, 2011; Downs, Adelman, & Demas, 2014) .
Regional differences may be driven by, or even obscured by, differences in an individual's physiological state, life stage, genetics, developmental conditions, and experiences that manifest at the individual level . Specifically, nutrient reserves, chronic stress, sex, age, and current parasite infections all affect an individual's current investment in constitutive immunity (Downs et al., 2015; Wilcoxen et al. 2015) . Allocation theory and physiological network theory provide theoretical frameworks to understand how these factors may influence individual-level differences in immune defenses (Cohen, Martin, Wingfield, McWilliams, & Dunne, 2012; Lee, 2006; Lochmiller & Deerenberg, 2000; Martin et al., 2011) .
From an energetics perspective, trade-offs may arise when resources are limited because energy must be allocated among costly function, including the immune system Lochmiller & Deerenberg, 2000; Stearns, 1992) . In general, induced responses are more costly than constitutive responses (Armitage, Thompson, Rolff, & Siva-Jothy, 2003; Derting and Compton 2003) , but logic dictates that production and maintenance of any constitutive cells and proteins costs energy, and studies show that caloric malnutrition is correlated with reduced constitutive immune defenses (Chandra, 1975) .
This leads to the prediction that individuals in poor body condition should invest less in immune defenses than those in better condition.
Similarly, immune defenses continue to develop as individuals age, so younger individuals may not be capable of mounting the same intensity of response as older nestlings (Killpack, Oguchi, & Karasov, 2013) . Mechanistically, this age pattern may arise because younger nestlings invest in structural growth over immune defenses.
The relationship between immune defenses and parasitism also can be viewed from the perspective of allocation theory. Typically, parasite infection causes a heightened immune response, though the intensity of the response depends on an organism's investment strategy (Caldwell, Schafer, Compton, & Patterson, 1958; Hawley & Altizer, 2011; Houston, McNamara, Barta, & Klasing, 2007; Råberg, Graham, & Read, 2009; Simms, 2000) . However, individuals with access to less energy on the landscape or internally may be immunosuppressed and unable to mount as intense of a response to a parasite infection and, thus, may have larger parasite loads (Christe, Møller, & de Lope, 1998) .
This would lead to a negative relationship between parasite infection and immune defenses.
Physiological networks predict that stress mediates investment in immune defenses. Specifically, the release of glucocorticoids supports metabolically demanding activities and mediates immune responses, reproduction, and growth, among other traits (Sapolsky, Romero, & Munck, 2000) . However, chronic stress can (i) decrease immune function, thereby increasing susceptibility to infections and (ii) decrease investment in reproduction and growth (Martin, 2009; McEwen & Wingfield, 2003) . Changes in glucocorticoids are reflected by changes in heterophil-to-lymphocyte (H:L) ratio, a commonly used measure of stress and well-being in avian ecological studies (Davis, Maney, & Maerz, 2008; Saks, Ots, & Horak, 2003) . Changes in the H:L ratio are proportional to the level of glucocorticoid release during mildor-moderate stress events or energetically demanding events (Davis et al., 2008; Maxwell, 1993) . Generally, lower H:L ratios indicate a less stressed individual in good condition, whereas higher H:L ratios indicate the opposite (Saks et al., 2003) .
Hypotheses about immunological differences between sexes are rooted in both physiological networks and allocation theory. Males and females have different energy demands across stages of the life cycle and seasons and, therefore, allocate energy among activities differently (Lee, 2006) . These allocation choices may be mediated by sex hormones, which are integrative signaling molecules that coordinate functions across physiological systems, including the immune system (Ahmed, Penhale, & Talal, 1985; Demas & Nelson, 2012; Martin, Weil, & Nelson, 2008; Schuurs & Verheul, 1990) . Generally, studies of passerines have found that nestling males have lower immune defenses than females (Dubiec, Cichon, & Deptuch, 2006; Tschirren, Fitze, & Richner, 2003) .
Although innate immunity has been investigated in smaller bird species with short development periods in the nest (e.g., 2-3 weeks), many aspects of the immune response have not been evaluated in larger bird species such as eagles that spend up to 9-14 weeks in the nest before fledging, and therefore can be subject to a variety of immune challenges during development. Similarly, most raptors exhibit reverse sexual dimorphism, that is adult females are larger than adult males and nestling females grow faster than males (Collopy, 1983; Newton, 1979; Snyder & Wiley, 1976) . Because of the extra energetic demand of faster growth in females, we might expect raptor nestlings to exhibit different sex-specific patterns of investment in immune defenses than passerines.
We investigated how location (region), parasite load, body condition, sex, and age affect investment in the constitutive immune response in nestling golden eagles (Aquila chrysaetos). We tested plasma samples from golden eagle nestlings from three different study sites-Oregon, Idaho, and California (Fig. 1) . We quantified bacterial killing ability and hemolytic-complement activity-two functional measures that primarily quantify aspects of the complement cascade (Demas, Zysling, Beechler, Muehlenbein, & French, 2011; French, DeNardo, Greives, Strand, & Demas, 2010; Mayer, 1948) . We predicted that constitutive immunity of golden eagle nestlings would (i) vary among regions, (ii) increase with parasite load, (iii) decrease with decreasing body condition, (iv) increase with age, (v) decrease with stress (H:L ratio), and (vi) be higher in females.
METHODS

Experimental design
We sampled 96 golden eagle nestlings from a total of 59 nests between April and July, 2015 in three geographical regions (Fig. 1) . We sampled 17 nests in the Idaho region, 31 in the Oregon region, and 11 in the California region (Fig. 1) . The mean (± SD) number of nestlings in each nest was 1.6 (± 0.05). Volunteers associated with the project monitored golden eagle nesting territories for occupancy and nesting attempts by pairs. Using the observations of pair behavior and nesting phenology for golden eagles (Isaacs 2012), we entered selected sites when nestlings were estimated to be ∼38 and ∼50-days old. We attempted to sample each nestling at these two separate age points, but some nestlings were only sampled once due to inclement weather or time constraints that prevented a second nest entry. During the first nest entry, nestlings were banded by fitting a U.S. Geological Survey stainless steel band or uniquely marked for subsequent identification.
During each nest entry, we recorded morphometric data, estimated age based on feather development using photographs from Hoechlin (1976) and Driscoll (2010) and collected a blood sample from each nestling.
F I G U R E 1 Location of eagle nests sampled for this study. Each filled black circle represents one golden eagle nest. Nests from the same region are within the same large unfilled circle.
Sample collection
After first sterilizing the area with an alcohol swab, we collected whole blood from the brachial vein using 25-27 gauge needles
[sodium-heparinized (Oregon) or unheparinized (California, Idaho)].
We collected 3-5 mL of blood within 45 min of entering nests. Drops of whole blood were used immediately to make two blood smears for each bird. The remainder of the whole blood sample was aliquoted into lithium-heparinized tubes and placed on ice until they could be processed in the lab or vehicle. Lithium tubes were centrifuged for 10 min, and then the plasma was transferred to sterile cryovials. Blood samples were chilled in a cooler with ice in the field and frozen at 
Sex
Sex was determined genetically from blood samples. Birds were genotyped by polymerase chain reaction and gel electrophoresis following the procedure described in Fridolfsson and Ellegren (1999) either at a commercial laboratory (Avian Biotech International, Tallahassee, FL) or N. B. Fernandez's lab at Purdue University.
Quantifying blood parasites and H:L ratio
The presence or absence of haemosporidian parasites (i.e., Leucocytozoon, Haemoproteus, and Plasmodium) were determined from blood smears. Smears were stained with Diff-Quick (Richard Allan Scientific, San Diego, California, USA) (Müller, Jenni-Eiermann, & Jenni, 2011) . Each slide was scanned for 15 min at a magnification of 1,000×
with oil immersion to look for haemosporidian parasites. Parasites and blood cells were identified using standard guidelines (Campbell 1995; Remple, 2004; Zajac & Conboy, 2012) . If parasites were found, parasite intensity was calculated by the number of parasites per 10,000 red blood cells under 1,000× objective (Appleby & Redpath, 1997) . The number of red blood cells was estimated by comparing each field to a set of standardized photographs with known numbers of red blood cells (Ellis, Kunkel, & Ricklefs, 2014) . H:L ratio was determined by counting the number of heterophils and lymphocytes per 100 fields.
We consider our samples to be unbiased by the stress of nest entry and handling because our samples were collected within 45 min of entering nests, and previous research has shown that stress from handling birds increases H:L ratios after 1 hr (Davis, 2005; Davis et al., 2008) .
H:L ratio and parasite counts were done by a single individual without any knowledge of data collected in the field.
Immunocompetence assays
We measured complement activity with two assays that focus on pathways ending in lysis: (i) a bacterial killing ability assay and (ii) a hemolytic-complement activity assay. In our bacterial killing ability assay, we quantified the ability of plasma from golden eagle nestlings to lyse E. coli strain ATCC 8739 via the complement pathway using methods adapted from French and Neuman-Lee (2012) . Briefly, we prepared a 10 6 bacteria/mL stock solution of E. coli by dissolving one lyophilized pellet (E power Microorganism, MicroBioLogics, St. Cloud, Minnesota, USA) in 10 mL of 37 • C sterile phosphate-buffered saline (PBS) (Lonza 1M PBS). We used 20 L of plasma sample per replicate and tested each sample in triplicate. We performed assays in round-bottom 96-well plates. We made positive controls containing 20 L PBS and negative controls containing 23.5 L PBS. Then, we made a working solution of 10 5 bacteria/mL E. coli and added 3.5 L of it to each well, except for the negative controls, resulting in a final well volume of 23.5 L for all wells. We agitated plates for 1 min at 700 rpm and incubated them for 30 min at 37 • C. Then, we agitated plates for another minute at 700 rpm, added 125 L of tryptic soy broth to all wells, and agitated plates for 1 min at 300 rpm. We read plates on a spectrophotometer (Synergy HTX multi-mode reader, BioTek, Winooski, Vermont, USA) at 300 nm to obtain a baseline absorbance.
Next, we incubated the plates for 12 hr at 37 • C, agitated the plates for 1 min at 300 rpm, and measured the absorbance a second time at 300nm. We subtracted the baseline optical density from the final optical density for each sample. Bacterial killing ability (% bacteria kill) was calculated as 1 -(mean of simple/mean of positive control) × 100%. Samples were rerun if the replicates were not within 20% of one another.
The hemolytic-complement activity assay also measures complement activity using an integrated response (Sinclair & Lochmiller, 2000) . We adapted methods from Sinclair and Lochmiller (2000) . The plate was agitated for 5 min at 300 rpm and incubated at 37 • C for 90 min. The plate was then centrifuged for 5 min at 500 rpm at room temperature. Next, 60 L of supernatant was transferred from each well to respective wells in a new 96-well plate. The absorbance was measured at 405 nm on a microplate reader.
We calculated hemolytic-complement activity as a percentage of SRBCs lysed at a single dilution; this endpoint allowed us to capture the wide range of complement activity seen in our animals (Downs et al., 2015) . A more established endpoint for this assay is the CH50, which integrates information about the slope of lysing activity with information about the dilution required to lyse 50% of the cells in the assay (Kabat & Mayer, 1961 , Sinclair & Lochmiller, 2000 . We emphasize that our approach of using a single dilution as an end point does not summarize as much information as the well-established CH50 endpoint.
However, our endpoint of percent of cells lyses at a single dilution does allow for a relative comparison of complement activity among individuals (Downs et al., 2015) . We argue that this approach is analogous to comparing percent bacteria killed at a single bacteria concentration and plasma dilution as is used to quantify bacteria killing ability (French & Neuman-Lee, 2012 , Tieleman, Williams, Ricklefs, & Klasing, 2005 .
Samples were rerun if the replicates were not within 20% of one another.
Body condition
We evaluated body condition of golden eagles using structural sizecorrected mass (Labocha & Hayes, 2012) . In our data set, culmen length positivily correlated with body mass (correlation with mass: r = 0.67 in males, r = 0.62 in females), and we used this as our measure of structural size (McDonald, Olsen, & Cockburn, 2005) . We accounted for age and sex in our index of body condition because both body mass and culmen length increased with age, and growth curves differ between males and females (Collopy, 1983) . As our index of body condition, we used the residuals of body mass (square-root transformed) from a mixed model that included log 10 -transformed culmen length, sex, a second-degree polynomial of age, and sex × polynomial of age as fixed effects. Individual identity nested within nest identity was included as a random effect to account for study design. This analysis was performed in R v 3.2.2 (R Development Core Team 2015) with package nlme (Kuhn, Weston, Wing, & Forester, 2011) , and the resulting equation is presented in the Results section.
Statistical analysis
We built linear mixed models to determine effects of the intrinsic factors measured and geographical region on bacteria-killing ability and hemolytic-complement activity. All analyses were performed in R v 3.2.2 (R Development Core Team 2015), with packages nlme (Kuhn et al., 2011) and multcomp (Hothorn, Bretz, & Westfall, 2008) . Models included region (California, Oregon, Idaho), age (in days), body condition, H:L ratio, sex, and Leucocytozoon parasites (presence or absence)
as fixed effects. Haemoproteus and Plasmodium presence was excluded because of low prevalence (1 and 0 birds showed Haemoproteus and Plasmodium, respectively). Thus, Leucocytozoon presence was our only measure of parasite load. We included individual identity nested within nest identity as a random effect to account for study design; nest could have different intercepts but not slopes. We performed a log 10 -transformation on hemolytic-complement activity to meet the model assumption of normal residuals. Models were fitted using restricted maximum likelihoods and no within-group correlation structure. We tested correlations among our predictor variables with variance influence factors and found no evidence of such correlations. Significance of pairwise contrasts between factor levels of region was determined post hoc with Tukey all-pair contrasts.
To help interpret our results about immune defense, we also tested for effects on body condition by building linear mixed models with H:L ratio and body condition as response variables. As in the models for the immune data, these models included region of origin, age, sex, and Leucocytozoon parasites as fixed effects. In addition, body condition was included as a fixed effect in the model for H:L ratio, and H:L ratio was included as a fixed effect in the model for body condition. We included individual identity nested within nest identity as a random effect to account for study design; nest could have different intercepts but not slopes. We performed a log 10 -transformation on H:L ratio data to meet the model assumption of normal residuals.
RESULTS
We processed 158 plasma samples from 96 eagles. We had a single sample from 39 eagles, were missing some data from some individuals, and did not have enough aliquots of samples to rerun all samples that did not meet our inclusion requirements (see "Methods: Immunocompetence Assays"). In the end, our final sample for calculating body Table 1 . Note that Leucocytozoon infection rates differed among regions (Table 1) .
Body mass (square root-transformed) of golden eagle nestlings was positively associated with culmen length (log 10 -transformed) ( = 64.2 ± 11.6, F 1,48 = 30.8, P < 0.001; Fig. 2A ). Body mass of females was generally higher than that of males (F 1,33 = 10.8, P = 0.02) and increased in a nonlinear fashion with age (2 • polynomial for age: F 2,48 = 10.8, P < 0.001). In addition, the interaction between age (2 • polynomial for age) and sex was significant (F 1,48 = 3.43, P = 0.04), such that females grew faster than males and reached a larger size (Fig. 2B) . The equation relating these predictor effects to body mass is as follows: √ body mass = −42.8 + 64.2 log(culmen length) − 2 male + 20age − 17.9 age 2 − 13.7 males × age + 4.8 age 2 + error. We calculated the residual of body mass (square root-transformed) to obtain a measure of structural size corrected mass for each individual and used this value as our measure of body condition.
Overall, there was a positive correlation between our two measures of immune defenses (r = 0.60, P < 0.001; Fig. 3 ), and some of the same effects predicted both measures of immune defenses. Bacteria-killing ability and hemolytic-complement activity differed among regions (Table 2 ; Figs. 4A and B) . Specifically, birds from Oregon had higher bacteria-killing ability than those from either California (P = 0.003) or Idaho (P < 0.001); birds from Idaho and California did not differ (P = 0.43). Similarly, birds from Oregon had a higher hemolyticcomplement activity than either those from California (P < 0.001) or Idaho (P < 0.001), but birds from Idaho and California did not differ (P = 0.93). In addition, H:L ratio was positively associated with the bacteriakilling ability ( ± SE = 7.32 ± 3.36; Table 2 , Fig. 4C ) and hemolyticcomplement activity ( ± SE = 0.10 ± 0.03; Table 2 , Fig. 4D ).
In contrast, Leucocytozoon infection and sex predicted hemolyticcomplement activity, but not bacteria-killing ability (Table 2) . Specifically, birds with a Leucocytozoon infection had higher hemolyticcomplement activity than did those without infections (Fig. 5A) , and females exhibited higher hemolytic-complement activity than males (Fig. 5B) . Nestling age and body condition were not associated with either measure of immune defense (Table 2) .
Our analyses using linear models of H:L ratio and body condition indicate that these two indices exhibited different patterns regarding their significant effects. H:L ratio decreased with age (Table 2) and was higher in individuals in which Leucocytozoon infections were absent (Table 2) . Region, body condition, and sex were not significant predictors of H:L ratios (Table 2 ). In contrast, body condition decreased with increasing H:L ratio, but not related to region, sex, age, or Leucocytozoon presence (Table 2) 
DISCUSSION
As expected, both region and parasite load impacted immune function in golden eagle nestlings. Nestlings in Oregon had higher constitutive immune function than nestlings from California or Idaho. There was no latitudinal gradient with respect to immune function. This is perhaps related to the scale of our study. In most studies where a relationship has been found, the gradients were along larger distances than those in our study. For example, differences in immune defenses were observed in song sparrows (Melospiza melodia) from Alaska and those from the west coast of the continental United States, but not within the continental United States (Adelman et al., 2010a) .
Differences in vector prevalence or differences in the diversity of parasites among the regions may provide one possible explanation for our result (Horrocks, Matson, & Tieleman, 2011) . Indeed, a higher proportion of eagles from Oregon had evidence of Leucocytozoon infections (Table 1) , and although inclusion of this measure of parasite load in our analysis removed some variation in immunity caused by parasites, our measure of parasite load was incomplete. For example, we did not quantify avian pox, conjunctivitis, avian flu, or West Nile virusall contagous diseases to which raptors are susceptible . Perhaps Oregon birds had higher overall microparasite loads and thus invested more energy in immune function to combat these parasites than did the California and Idaho birds. This possibility is consistent with our result that Leucocytozoon infection also increased investment in hemolytic-complement activity. Alternatively, some other environmental factor may be driving differences among regions. Environmental factors including toxicant exposure, food availability, reproductive costs, population density, and habitat diversity can impact immune function (Ardia, 2005; Franson 1986; Ortego & Espada, 2007; Wiehn, Korpimäki, & Pen, 1999) . A longer-term and larger cross-region study is needed to determine the mechanism driving the relationships between immune function, parasite load, and environmental factors.
Leucocytozoon presence affected immune function as measured by the hemolytic-complement activity assay, but not as measured by bacteria-killing ability. The proteins and cells involved in complement activity are always circulating, but the circulating concentration increases when an animal is challenged by a parasitic infection (Millet, We present the means and SD for the data set used to calculate body condition, our largest data set. We did not have all data for all individuals so actual sample sizes used in our statistical models are smaller (see the Results section for samples sizes for each analysis). a Number of golden eagles samples entered during each entrance period. Similarly, hemolytic-complement activity, but not bacterial killing ability was higher in females than males. This suggests that concentrations of constitutive complement proteins, but not proteins that initiate the complement cascade (e.g., natural antibodies for E. coli), are elevated in female nestlings relative to males. These results corroborate results from other bird studies that found lower immune defenses TA B L E 2 Analysis of variance for the fixed effects from the linear models for bacteria-killing ability, hemolytic-complement activity, heterophil:lymphocyte ratio (H:L ratio), and body condition All models included individual-identity nested within nest-identity as random effects. Bold indicates that the effect is significant at = 0.05.
in males. For example, male nestling great tits had reduced cellular immunity relative to females and when experimentally infested with parasites, males were more susceptible than females (Tschirren et al., 2003) . Similarly, relative to counterparts in unmanipulated nests, male nestlings from experimentally enlarged broods exhibited a greater reduction in their cell-mediated immunity than females (Dubiec et al., 2006) . Presumably, differences in immune defenses might lead to differences in susceptibility to parasites; however, we could not directly test this hypothesis.
We found a positive relationship between H:L ratio, our measure of general health and chronic stress, and both immune measures, suggesting that healthier or less stressed individuals had lower constitutive, complement defenses-the opposite of our prediction. If H:L ratio is interpreted as a measure of general health, then our results support a growing body of literature that suggests individuals in lower overall condition invest more in constitutive immunity than those in better condition (Arsnoe, Ip, & Owen, 2011; Downs et al., 2015) . Derting & Compton, 2003) , and individuals in poorer health may opt for a strategy of higher daily costs of high constitutive immunity with the potential advantage of clearing an infection prior to the need to mount high-cost induced responses (Downs et al., 2015) .
If this interpretation is correct, it would contrast previous literature that interpreted low H:L ratios as an indicator of compromised immune defenses (Hanauska-Brown, Dufty Jr, & Roloff, 2003) . Alternatively, these results could have arisen because H:L ratios also increase with parasite infections (Davis, 2005; Lobato et al. 2005; Wilcoxen et al., 2015) . That is, our results could be interpreted as an indicator of parasite load and could suggest that individuals with higher H:L ratios have higher parasite loads, and thus, have invested more in circulating immunity. Contrary to this prediction, H:L ratio was lower in eagles with hematological evidence of Leucocytozoon infections than in eagles without evidence of infection. However, we only have this one indicator of parasite load and, thus, would need to collect more information about overall parasite load to distinguish between these hypotheses.
Body condition often trades off with investment in immune defenses (Dawson & Bortolotti, 1997 , 2000 Whiteman & Parker, 2004 ), but we found that body condition was not associated with F I G U R E 4 Model-estimated mean ± SE of (A) percent of bacteria killed and (B) hemolytic-complement activity for samples from different regions, and the relationship between (C) percent of bacteria killed and (D) hemolytic-complement activity with H:L ratio. Statistical models for hemolytic-complement activity were performed on log 10 -transformed percent SRBC lysed, but model-derived, back-transformed data are presented in the figures. Different letters indicate a difference at = 0.05. immune function in this observational study. Nestlings use resources for rapid structural growth (Penteriani, Delgado, Maggio, Aradis, & Sergio, 2005) , so our results could indicate that individuals invest in a baseline level of immune defense and then allocate remaining resources to growth. This idea is corroborated by a study in captive zebra finches (Taeniopygia guttata) that found that food-restricted zebra finch nestlings had reduced body mass and structural growth relative to nonrestricted controls, although they did not differ in antibody responses to a novel antigen, keyhole limpet hemocyanin (Killpack, Tie, & Karasov, 2014) . Similarly, food restriction did not alter concentrations of total circulating immunoglobulin Y and enhanced lysis activity in zebra finches-although it did reduce structural growth, mass, and circulating haptoglobin after a challenge with lipopolysaccharide (Killpack, Carrel, & Karasov, 2015) . Alternatively, energy entering the nest may be allocated between generations and within generations resulting in energetic trade-offs between generations. That is, parents might suffer costs to improve fledgling success of nestlings, as seen in great tits (Parus major) (Norte, Araujo, Sampaio, Sousa, & Ramos, 2009; Ots & Hörak, 1996) . Thus, to fully understand the lack of relationship between body condition and immune defense seen in our study, a full energy profile of both nestlings and adults is required.
Similarly, nestling age was not associated with immune function in this observational study. Although the immune system of the nestlings was developing from hatching until the age at the time of sampling (Killpack et al., 2013; Tieleman, Croese, Helm, & Versteegh, 2010) , our sampling range (18-68 days old) only represented a small portion of the golden eagles' entire lives. The age range samples may have been too narrow to capture significant differences in development of innate immune defenses. The litertature about the relationship between age and innate immune function is inconclusive. European stonechats (Saxicola rubicola) showed an increase in constitutive bacterial killing ability from ages one to 7 years (Tieleman et al., 2010) . Similarly, induced adaptive and constitutive innate immune defenses both increased over the nestling period in house sparrows (Passer domesticus), yet immune defenses did not fully mature until after fledging (Killpack et al., 2013) . Likewise, zebra finches did not achieve a mature, induced secondary antibody response level until after fledging (Killpack & Karasov, 2012) . Future studies on both constitutive and induced responses are needed to tease apart these contradictions.
Our study contributes to the understanding of the evolutionary and environmental pressures on immune function in birds. To date, most immune studies in birds have been conducted on songbirds; however, passerines are very different from raptors in ways that may affect evolutionary and ecological pressures on immunity. For example, nestling raptors remain in the nest much longer than passerines, therefore increasing their exposure risk to parasites and vectors of parasites.
Raptors, including golden eagles, eat meat and allow excess food to remain in their nest, which could provide a breeding ground for parasites (Bent, 1961; Collopy, 1983) . In addition, raptors often reuse nests across years, further increasing risk of parasitic infections. Our study showed that immune defenses differed among regions of golden eagles and helps illuminate how parasites may impact immunity early in the life history of this long-lived species. These early energetic costs could have carryover effects that reduce survival and ultimately affect population dynamics (Downs & Stewart, 2014) . By integrating information about toxin and parasite exposure and developing a more comprehensive understanding of the immune defenses in birds, we will better understand how the environment impacts allocation choices with respect to immunity. 
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